(19) 



J 



Europaisches Patentamt 
Europ an Pat nt Office 
Office uropeen d s brevets 



(12) 



(11) EP 0 778 408 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

11.06.1997 Bulletin 1997/24 

(21) Applicatbn number: 96308848.9 

(22) Date of filing: 05.12.1996 



(51) intci.s: F02K 1/82, F23R 3/00 



(84) 


Designated Contracting States: 


• Bruchez, Raymond J., Jr. 




DE FR GB 


Jupiter, Florida 33458 (US) 


(30) 


Priority: 05.12.1995 US 567644 


(74) Representative: Leckey, David Herbert 






Frank B. Dehn & Co., 


(71) 


Applicant: UNITED TECHNOLOGIES 


European Patent Attorneys, 




CORPORATION 


179 Queen Victoria Street 




Hartford, CT 06101 (US) 


London EC4V 4EL (GB) 


(72) 


Inventors: 




• 


Brewer, Keith S. 






North Palm Beach, Florida 33408 (US) 





(54) Easily replaceable hot conduit liner 

(57) A sen/iceable liner is provided comprising an 
outer wall (12). an inner wall (10). a plurality of standoffs 
(16) disposed between the walls (10,12). and a plurality 
of attachment assemblies (15) for attaching the walls to 
one another. The outer wail (12) includes a plurality of 
first apertures (18). The inner wall (10) includes a plu- 
rality of sections (20). each section (20) having at least 
one second aperture (22). Each attachment assembly 
includes a fastener (42) and an insert (50). An insert (50) 
is received within each first aperture (1 8) and a fastener 
(42) is received within each insert (50) 
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Description 

This invention pertains to gas turbine engines in 
general, and in particular to liners within gas turbine en- 
gines. 

Liners are often employed in cjas turbine engines to 
enclose high tennperature core gas paths. An augmen- 
tor, for example, may use a cylindrical or similarly 
shaped liner to direct core gas flow between the turbine 
exhaust and the nozzle. Liners generally include an out- 
er wall (also called a "duct wall"), an inner wall (also 
called a "liner wall") and a means for spacing the two 
waits a distance apart. The duct created between the 
two walls is used as a cooling air passage. In conven- 
tional gas turbine engines, corrugations extending be- 
tween the two walls space the two walls a distance 
apart. Fasteners attach the corrugations and the walls 
together and collectively form a rigid cylindrical struc- 
ture. In most cases, access to the outside of the outer 
wall is necessary to attach the fasteners. 

A significant pressure difference across the liner is 
necessary to force the cooling air through the liner As 
a result, the liner experiences loadings simitar to that of 
a pressure vessel. During operation of the engine, for 
example, the difference in pressure between the cooling 
gas within the duct and the core gas radially inside of 
the wall is such that the inner wall is forced inward 
around the entire circumference of the liner. If the inward 
force is too great for the inner wall, the wall can buckle 
and necessitate replacement To avoid undesirable 
buckling, it is known to increase wall thicknesses within 
the liner, or add structural supports. Increasing the ro- 
bustness of the walls and/or adding structural members 
can solve structural problems, but generally does so at 
the cost of adding undesirable weight. 

High core gas temperatures can also limit the useful 
life of the augmentor liner. Cooling schemes and coat- 
ings can be used to decrease the rate of thermal dam- 
age, but eventually the inner liner must be removed and 
replaced. 

At present, it is often necessary to remove the entire 
engine, or a substantial section of it, during augmentor 
liner service. Once the engine or engine section is out 
of the aircraft, the fasteners holding the liner together 
can be accessed and the damaged liner replaced if nec- 
essary. Removing the engine is a timely and costly en- 
deavour, however. A liner that does not require engine 
or engine section removal during liner service would be 
advantageous. 

According to the present invention, a liner is provid- 
ed comprising an outer wall, an inner wall a plurality of 
standoffs disposed between the walls, and a plurality of 
attachment assemblies for attaching the walls to one an- 
other. The outer wall includes a plurality of first aper- 
tures. The inner wall includes a plurality of sections, 
each section having at least one second aperture. Each 
attachment assembly includes a fastener and an insert. 
An insert is received within each first aperture and a fas- 



tener is received within each insert. 

Preferably, each insert includes means for locking 
the fastener within the insert and locking the insert within 
the outer wall. 

s In a preferred embodiment, the inner wall sections 

include male and female joints along circumferential 
edges for joining one another. 

In its preferred embodiments, the present invention 
permits the removal and replacement of individual inner 

10 wall sections rather than entire circumferential liner sec- 
tions. This feature provides several significant advan- 
tages over liners presently available. If a portion of an 
augmentor liner is damaged, for example, the entire cir- 
cumferential liner must be removed before it can be re- 

is paired or replaced. If the engine or engine sections must 
be removed before the liner can be removed, the labour 
cost is substantial. The same repair using the present 
invention liner, on the other hand, is accomplished at a 
fraction of the cost because only the damaged inner wall 

20 sections need be removed and replaced. In addition, the 
material replacement cost of a circumferential liner is 
daunting relative to the cost of one or more inner wall 
sections. A still further advantage is the time required to 
replace inner wall sections is considerably less than that 

25 required to repair conventional liners. Augmented air- 
craft are generally used for military purposes, where it 
is a distinct disadvantage to have an aircraft off-line. The 
preferred embodiments minimize the time required to 
maintain augmentor liners and thereby minimize aircraft 

30 downtime. 

- A still further advantage is that the inner wall sec- 
tions are logistically easier to stock and provide than a 
full circumferential augmentor liner This provides a dis- 
tinct maintenance advantage. 

35 A still further advantage is that a liner is provided to 
which a coating may be more readily adhered. The inner 
wall sections are less apt to significantly warp due to 
thermal load because they may expand more readily. 
Reducing the warpage helps minimize bonding over 

•^0 stress between the coating and the inner wall. Over 
stress frequently results in coating separation from the 
inner wall. 

Certain preferred embodiments will now be de- 
scribed, by way of example only, with reference to the 
^5 accompanying drawings, in which: 

FIG. 1 is a diagrammatic view of a liner embodying 
the present invention. 

FIGS. 2 and 3 are cross-sectional diagrammatic 
views of liners embodying the present invention, FIG .2 
50 is a sectional view of the liner embodiment shown in FIG. 
1. 

FIG. 4 is a cross-sectional diagrammatic view of the 
insert. 

FIGS. 5 and 6 show the insert received within a tool- 
55 ing fixture. 

FIG. 7 shows the insert received within the outer 

wall. 

FIG. 8 shows an enlarged view of one of the attach^ 
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ment assemblies shown in FIGS. 2 and 3. 

Referring to FIGS. 1-3, liner 10 lor a gas turbine 
augmentor is shown. The liner 10 includes an outer wall 
12. an inner wall 14. a plurality of standoffs 16 (FIGS. 2 
and 3). and a plurality of attachment assemblies 1 5. The 
outer wall 12 is cylindrically shaped and includes a plu- 
rality of first apertures 18. The inner wall 14 is formed 
from a plurality of sections 20, each section 20 having 
at least one second aperture 22. The inner wall sections 
20 may assume a variety of shapes including the rec- 
tangular shape shown in FIG. 1. In a first embodiment 
shown in FIG. 2, the circumferential ends 24 of each sec- 
tion include mating male 26 and female 28 joint halves. 
In a second embodiment shown in FIG. 3, the circumfer- 
ential ends 24 of the sections 20 are in contact with ta- 
pered ribs 30 attached to the outer wall 12. Referring to 
FIG. 1, in some applications the inner wall 14 may atso 
include leading edge 32 and trailing edge 34 panels. The 
panels 32, 34 are disposed on each axial end of the in- 
ner wall liner sections 20 to provide a desirable transition 
between the upstream and downstream engine compo- 
nents (not shown). 

Referring to FIGS. 2 and 3, each standoff 16 in- 
cludes one or more sidewalls 36 and a base 38. The 
base 38 includes an aperture or a slot 40 (sec also FIG. 
8) for receiving a fastener 42. The height of the sidewalls 
36 establishes the distance the inner wall sections 20 
and the outer wall 12 are separated. The standoffs 16 
are positioned between the inner 14 and outer walls 12 
in alignment with the second 22 and first 18 apertures, 
respectively. A tab 46 may be included in one or more 
sidewalls 36 that extends out toward the aperture or slot 
40, 

Referring to FIG. 8, each attachment assembly 15 
includes a fastener 42 and an insert 50. The fastener 42 
includes a head 52 and a shaft 54 The insert 50 includes 
a flange 56 and a body 58. The insert flange 56 is 
shaped to accept a tool (not shown) for torquing purpos- 
es. The insert body 58 includes a center bore 62, an 
outer surface 64. and one or more slots 66 (see FIG. 4) 
disposed within the end of the body 58 opposite the 
flange 56. 

Referring to FIGS. 4-8, the insert 50 is initially pro- 
vided having an untapped uniform diameter center bore 
62, the slot 66. and threads disposed in the outer surface 
64. The insert 50 is subsequently received within a tool- 
ing fixture 68 (see FIG. 5), the latter having a threaded 
aperture 70 with a taper 72 disposed in one end. A ta- 
pered thread tap 74 is run through the center bore 62 of 
the insert 50, cutting threads throughout the bore 62. As 
the tap 74 proceeds through the bore 62, the slot 66 dis- 
posed in the end of the insert 50 allows the insert body 
58 to clasticaily deflect laterally Into the fixture aperture 
taper 72. As a result, the c nter bore thread diameter 
"A* (see FIGS. 7 and 8) is greater in the body segment 
closest to the flange 56 in comparison with the bore 
thread diameter "8" (see FIGS. 7 and 8) in the body seg- 
ment adjacent the slot 66. FIG. 7. which shows a cross- 



section of the insert 50 received within the outer wall 1 2, 
illustrates the difference in thread diameter ("A" vs "B") 
in an exaggerated manner for sake of clarity. 

Referring to FIGS. 2. 3. and 8. during installation of 

5 the inner wall sections 20, a fastener 42 is received with- 
in the aperture or slot 40 within each standoff 16. In the 
embodiment using male 26 and female 28 circumferen- 
tial joint halves, the inner wall section 20 is circumfer- 
entially rotated until one of the mate 26 or female 28 

10 halves is fully engaged with the mating section of the 
adjacent inner wall section 20. The inner wall section 20 
is then rotated a distance in the opposite direction to 
allow the opposite circumferential edge 24 to engage 
the mating half of the other adjacent inner wall section 

IS 20. 

In both inner wall section embodiments, the first 18 
and second 22 apertures within the walls 12,14 are 
aligned and the fasteners 42 are engaged with the in- 
serts 50 using a tool 51 extending through the second 

20 apertures 22 in the inner wall sections 20. The seclion 
of the insert center bore 62 having a smaller thread di- 
ameter ("B") creates an interference fit between the fas- 
tener 42 and the insert 50, thereby "locking" the fastener 
42 within the insert 50. In this context, the term "locking" 

25 refers to the fact that the force necessary to overcome 
the interference fit between the fastener 42 and the in- 
sert 50 is sufficient to prevent the fastener 42 from vi- 
brating free. The portion of the insert 50 extending out- 
side of the outer wall 12 includes the slot 66 The slot 

30 66 enables the insert 50 to expand with the receipt of 
the fastener 42 to a dimension ("C") greater than the 
diameter ("D") of the first aperture 18 within the outer 
wall 1 2. The expanded portion of the insert 50 "locks'* 
the insert 50 within the outer wall 12 so long as the fas- 

35 tener 42 is received therein. In the embodiment using 
the tapered nbs 30 (FIG. 3), the tapered ribs 30 are at- 
tached after the inner wall sections 20 are attached. In 
either embodiment, if a tab 46 is included in the standoff 
sidewalls 36. the tab 46 is bent to extend over the head 

"^0 52 of the fastener 42 as a further precaution against the 
fastener 42 unintentionally dislodging. 

When at a later time it becomes necessary to re- 
place an inner wall section 20, the fasteners 42 are freed 
from the inserts 50 using the same tool 51 and proce- 

^5 dure as described heretofore. In the first embodiment 
(FIG. 2), the inner wall section 20 is rotated in one direc- 
tion until one mating joint 26,28 disconnects, and then 
rotated in the other direction until the seclion 20 is free 
completely. In the second embodiment (FIG. 3), the ta- 

50 pered ribs 30 are removed prior to removing the inner 
wall sections 20. After the inner wall sections 20 are re- 
moved, the inserts 50 can be removed from outer wall, 
if desired, without accessing the outside of the outer 
wall. Hence, there is no need to remove the engine or 

55 engine section during liner servicing. 

Referring to FIGS. 2 and 3. during operation of the 
engine the duct 76 formed between the inner 1 4 and 
outer 1 2 walls is filled with bled air at a pressure higher 
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than that of the core gas passing by the inner wall 14. 
The pressurized bled air forces the inner wall 14 radi- 
ally inward, away from the outer wall 12. The present 
invention utilizes that inward force in several advanta- 
geous ways. First, the inward force biases the inner s 
wall 14 and attached standoffs 16 inwardly, and there- 
by further biases the fasteners 42 within the inserts 50. 
The additional bias helps "lock" the fasteners 42 and 
the inserts 50 together. Second, the inward force push- 
es the inner wall segments 20 together and thereby io 
increases the hoop strength of the inner wall 14. The 
hoop strength of the first embodiment (FIG. 2) increas- 
es when the male 26 and female joint 28 halves further 
engage under pressure. The hoop strength of the sec- 
ond embodiment (FIG, 3) increases when the inner is 
wall sections 20 are forced up the taper of the ribs 30. 
The increased hoop strength helps the inner wall resist 
buckling, while adding only minimal additional weight 
to the liner 

1 1 may be seen from the foregoing thai ihe described 20 
embodiments provide a liner that may be readily serv- 
iced, a liner that enhances the maintenance of coatings 
applied thereto, and a liner that minimizes the cost of 
maintenance. 

Although this invention has been shown and dc- 25 
scribed with respect to the detailed embodiments there- 
of,. it will be understood by those skilled in the art that 
various changes in form and detail thereof may be made 
without departing from the scope of the invention. For 
example, this liner 10 has been discussed in terms of a 30 
augmentor liner, but may alternatively be used else- 
where in the engine. The attachment assemblies 15 de- 
scribed herein as a method of securing the inner wall 
sections 20 may also be used to attach the tapered ribs 
30 of the second embodiment. 3S 



Claims 

1- A liner comprising an outer wall (12), an inner wall 40 
(10), a plurality of standoffs (16) disposed between 
the walls (10.12) and a plurality of attachment as- 
semblies (15) for attaching the walls (10,12) to one 
another, wherein the outer wall (12) includes a plu- 
rality of first apertures (18), said inner wall (10) in- 45 
eludes a plurality of sections (20). each section hav- 
ing at least one second aperture (22) and each at- 
tachment assembly (15) includes a fastener (42) 
and an insert (50), each first aperture (18) having 
an insert (50) received therein and each insert (50) so 
having a fastener (42) received therein. 

2. A liner as claimed in claim 1 , wherein each of said 
inserts (50), has a flange (52) and a body (58), said 
body (58) including a center bore (62) and an outer ss 
surface (64): 

wherein each said insert body (58) is received 
within one of said first apertures (18). and each said 
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fastener (42) is received within the said insert (50) 
and is in communication with one of said standoffs. 

3. A liner according to claim 2. wherein said insert (50) 
further comprises a slot (66), disposed at an end of 
said body (58) opposite said flange (52). 

4. A liner according to claim 2 or 3. wherein said center 
bore (62) and said fastener (42) are threaded; and 

wherein said center bore (62) includes thread 
for a portion of said center bore (62) that creates an 
interference fit with said fastener (42). 

5. A liner according to claim 3 or 4. wherein said end 
of the insert body (58) expands to a diameter (C) 
greater than that of said first aperture (D) when said 
fastener (42) is substantially received within said in- 
sert (50). thereby preventing said insert (50) from 
dislodging from said outer wall (12). 

6. A liner according to any preceding claim, wherein 
each said standoff (16) comprises: 

a base (38), having means for receiving said 
fastener (42); 

a sidewall (36), extending between said base 
(38) and said inner wall section (20); and 
a tab (46). extending out from said sidewall (36) 
in the direction of said first aperture (IS), 
wherein said tab (46) deflects to allow said fas- 
tener (42) to be inserted. 

7. A liner according to any preceding claim, wherein 
said second apertures (22) align with said first ap- 
ertures (18) such that a tool (51) may be inserted 
through said second apertures (22) to access said 
fasteners (42). 

8. A liner according to any preceding claim, wherein 
each inner wall segment (20) further comprises: 

a first edge (26); and 
a second edge (28); 

wherein one of said first and second edges 
(20,28) includes one half of a mating male and 
female joint, and the other of said first and sec- 
ond edges includes the other half of said mating 
male and female joint. 

9. A liner according to any of claims 1 to 7, further com- 
prising: 

a plurality of tapered ribs (30), each said rib (30) 
having a pair of surfaces tapering from a great- 
er end to a lesser end; and 
wherein each said rib (30) is attached to said 
outer wall (12). wherein said lesser end is in 
contact with said outer wall (12) and said inner 
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wait sections (20) contact said tapered surfac- 
es 
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(54) Easily replaceable hot conduit liner 

(57) A sen/iceabte liner is provided comprising an 
outer wall (12), an inner wall (10), a plurality of standoffs 
(16) disposed between the walls (10,12), and a plurality 
of attachment assemblies (1 5) for attaching the walls to 
one another. The outer wall (12) includes a plurality of 
first apertures (18). The inner wall (10) includes a plu- 
rality of sections (20), each section (20) having at least 
one second aperture (22). Each attachment assembly 
includes a fastener (42) and an insert (50). An insert (50) 
is received within each first aperture (1 8) and a fastener 
(42) is received within each insert (50). 
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